African (Loxodonta africana) and Asian elephants (Elephas maximus) have lived in the care of humans for many years, yet there is no consensus concerning some basic parameters describing their newborn calves. This study provides a broad empirical basis for generalizations about the birth heights, birth weights, birth times and gestation periods of elephant calves born in captivity. I obtained data concerning at least one of these four characteristics for 218 newborn calves from 74 institutions. Over the past 30 years, newborn Asian elephants have been taller and heavier than newborn African elephants. Neonatal African elephants exhibited sex differences in both weight and height, whereas neonatal Asian elephants have exhibited sex differences only in height. Primiparous dams ex situ are at least as old as their in situ counterparts, whereas ex situ sires appear to be younger than sires in range countries. Confirming earlier anecdotal evidence, both African [N= 47] and Asian [N = 91] dams gave birth most often at night.
Introduction

!
To understand the transition of zoos from places for holding collections of animals for human entertainment (menageries) to institutions promoting conservation, education and research (modern zoos), it may help to put the past 30 years in an historical context. Humans have managed Asian elephants for thousands of years [Kisling, 2001a; Sukumar, 2003a] , and standardized husbandry practices have been in place during much of that time [Edgerton, 1931;  Lahiri-Choudhury, 1992; Sukumar, 2003a] . Civilizations in India, Mesopotamia and Egypt had established collections of exotic animals by 1500 BCE [Kisling, 2001a; Lahiri-Choudhury, 1992] , and by 100 CE elephants almost certainly were included in animal collections in China, Greece and Italy [Hoage et al., 1996] . The situation seems to have been different for African elephants: Except for a period between 300 and 200 BCE, when both the Egyptians and the Carthaginians trained African elephants for war [Gowers, 1947] , the Belgians made the earliest attempt to domesticate African elephants, between 1900 and 1960 CE [Iverson, 1993; Watson, 1990 ]. Kurt and Garai's [2007] terminology: "Intensive" refers to locations at which a small number of elephants are kept in a limited area under a rigid management system without the types of social relationships typical of elephants living in situ; "Extensive" refers to locations at which large groups of elephants are maintained in large spaces under a flexible management system, but the location lacks the types of social relationships typical of elephants living in situ.
! !
It seems appropriate to consider 1978 the first year of the "modern veterinary period" of zoo elephant reproduction because that year coincides with the beginning of an increase in the number of live births, the number of institutions yielding calves and the number of zoos reporting birth statistics for their calves. Specifically, I was able to acquire at least partial data on almost 200 live births between 1978 and 2008, but for fewer than 20 live births during the preceding 30 years (1948-1977 ! Previous research indicates that gestation periods are longer, and birth weights and neonatal mortality are higher, for Asian elephant calves born in European and North American zoos than for those born in elephant centers in Asia, that is, working camps and orphanages [Doyle et al., 1999; Jayewardene, 1999; Keele, 1996; Kurt and Mar, 1996; Taylor and Poole, 1998 ]. Although the topic receives relatively little attention, some data suggest that the range-country elephant centers themselves lack important characteristics of the in situ environment: In particular, the rich social structure of that environment [Kurt, 2006] . Moreover, elephant calf mortality rates sometimes may be much higher than commonly supposed in elephant centers in Asia (). In fact, Kurt [2006] has suggested that none of the captive Asian elephant populations are selfsustaining.
!
Discussions concerning the viability of the populations of elephants in human care have resulted in a three-way categorization of management systems [Kurt and Garai, 2007 , p 68-69]: "Extensive" (for example, jungle-based timber and wildlife camps), "Intensive" (for example, urban tourist centers, some zoos and circuses) and "Alternative" (modern zoos, elephant parks).
A "modern zoo" may be defined as one that mimics, at least, the critical elements of the social characteristics of in situ elephant groups: extended "families" of genetically related females [Leuthold, 1976; Moss and Poole, 1982; Vidya and Sukumar, 2005] , natural breeding rather than artificial insemination, parturition in a social group rather than in isolation, allomothering [Dublin, 1983; Rapaport and Haight, 1987] , several adult males, a broad range of ages of both males and females and flexible access among the animals. Garai 
Methods and Procedures
! I obtained information about newborn elephant calves under the care of humans from a variety of sources: journal articles, books and book chapters, technical reports, conference proceedings, newspapers, magazines and from news releases and web sites associated with specific zoos, animal parks and professional organizations. In cases where media and professional sources provided conflicting information, I have used the data from the professional sources. When initial estimates for weights, heights, gestation periods and times of birth were revised at a later date, I have used the revised data. Most heights and weights were measured within hours of birth; all heights and weights were obtained during the first 2 days of the calfs life. Table 2 provides a list of the 218 calves, arranged by source, species and sex.
!
Where possible, I confirmed the names and ages of dams and sires on a calfs day of birth using recent elephant studbooks [Beiterman, 2007; Keele, 2007; Olson, 2008] . For a few cases in which no studbook information was available, I relied on an elephant database [Koehl, 2008] and summaries by Shoshani [Lash, 1982; Shoshani, 1986 Shoshani, , 1987 Shoshani, , 2000 ]. In general, there were only rare, small inconsistencies in the reports of calves' times of birth, weights, heights and gestation periods. However, except for animals born in captivity, various sources occasionally disagreed over the age of a particular dam or sire. For these animals, I used the ages on which most sources agreed, or the mid-point of the estimates (rounded off to an integer). For wild-born elephants, I followed the standard procedure of assuming that the animal was born on January 1 of the birth year. For captive-born elephants, I calculated ages from the known dates-of-birth.
! Data Analysis and Statistics
! Unless otherwise stated, the criterion for the statistical significance of any effect was ∝ < 0.05 (two-tailed test). For analyzing birth times, I used the Kolmogorov-Smirnov one-sample and two-sample tests [Siegel, 1956] . For analyzing weights, heights and gestation periods, I used ! 5 
! !
two-factor analyses of variance [Kirk, 2008] . The sample sizes were large, each sample produced a median very similar to its mean and the distributions of the sample were unimodal and symmetrical, justifying the use of the (parametric) analysis of variance tests [Kirk, 2008] . I used the Pearson product-moment correlation coefficient [Kirk, 2008] to compare birth heights and birth weights, and to compare dates-of-birth with birth height and birth weight.
!
The allometric relations among such characteristics of elephants as height, weight and age have been studied using a variety of transformations [Sukumar, 2003a] . In this study, I calculated 
The birth weights, heights and gestation periods of the remaining calves are summarized in Table  3 and a summary of the results of relevant statistical tests is given in The number of animas contributing to each mean is shown in parentheses (N). Each mean score is accompanied by the standard error of the mean [±SEM].
! !
The correlation between birth height and birth weight was positive, but not statistically significant, for female African elephant calves (r = 0.416, N = 17, P = 0.097). (Table 4 ). There was not sufficient data (N = 1, 113 kg) to analyze the births of African elephants before 1978.
!
Age of the Dams and Sires
! Table 5 gives the mean ages for the dams and sires connected with all live births, and the mean ages of dams and sires for the primiparous dams only. The number of cases contributing to each mean is given in the table. I conducted an analysis of variance for all of the first-born calves (Species × Sex). For the primiparous dams (N = 97, mean age = 16.4 years), there was no effect of Species, F(l, 93) = l.93, P = 0.17, or Sex (of the calf), F(l, 93) = 2.03, P = 0.16, and no statistical interaction, F(l, 93) = 0.42, P = 0.52. Similarly, there were no statistically significant differences among the sires of those dams related to either the species or sex of the calf, F(1, 90) ! 8 Each mean score is accompanied by the standard error of the mean [±SEM]. The number of animas contributing to each mean is shown in parentheses (N). a One sire died between conception and parturition. The average indicates the age that sire would have attained at the time of parturition.
! ! recently reported some species differences in "the endocrinology of pregnancy in elephants" (p 263) and there are numerous physiological differences between the species [Olson, 2004, p 178-209 ], suggesting that species differences at all levels of analysis may be greater than hitherto appreciated. Therefore, in the future it would seem more appropriate to describe the species differences, as Stevenson and Walter [2006] do in the BIAZA management guidelines, rather than to give a single estimate combining data from both species of elephant, as has been standard practice in the past [Emanuelson, 2006; Niemuller et aI., 1999; Schmidt, 1999; Schmitt, 2003 ]. ! Similarly, the African neonates (89.9 cm, N = 34) were slightly taller than the mean height of 84.3 em reported for three orphaned male African elephant calves, all estimated to be less than 3 weeks or age [Bellinge and Woodley, 1964; Taylor, 1955; Woodford, 1970 : Note that these reports described calves born several decades before the calves in this study]. One recent study [Morgan and Lee, 2003] 
!
As in previous studies, stillborn Asian calves weighed more than live-born calves [Doyle et al., 1999; Kurt and Mar, 1996] . Kurt and Mar [1996] suggest that the difference in weights is correlated with differences in gestation period between live-born and stillborn calves, and I have no data that allow me to contradict their conclusion.
Cows of both species gave birth to their first calves in their mid-to-late teens (14-18 years), at mean ages comparable to, though slightly older than, those observed for primiparous elephant cows in situ [Moss, 2001; Sukumar, 2003a] . Moss [2001] found that African elephant cows in Amboseli gave birth for the first time at a mean age of 13.7 years and Sukumar [2003a, p. 258] found that more than half of the populations he examined had a mean age of first conception of 12.5 years or less (13/22 studies: both African and Asian elephants). Both Buss and Smith [1966] and Smuts [1975] concluded that virtually all of the female African elephants they studied had conceived by the ages of 12-14 years, and several authors have obtained evidence of 7-year-old cows that were pregnant [Buss and Smith, 1966; Moss, 2001; Smuts, 1975] or had already given birth [Taylor and Poole, 1998 ] in situ. Thus, it would seem to be entirely appropriate to attempt conception, either natural breeding or artificial insemination, starting at about 10 years of age, and to breed the same cow repeatedly. According to Sukurnar [2003a, p. 258-260], about 80% (18/22) of the elephant populations studied have involved mean intercalving intervals of between 3.5 and 6.0 years; therefore, it would seem reasonable to start attempting conception in the care of humans, either by natural breeding or artificial insemination, when the cow is about 10 years of age, and then to allow cycling cows to breed every 5 years or so. In contrast, the average age of the sires in this study (22.9 years) was much lower than the average of sires in situ [Hollister-Smith et al., 2007] , where most sires were more than 35 years old.
The time of birth data indicate that both species of elephants tended to give birth at night, with about one-quarter of all births occurring between 3 and 6 AM. This pattern of births is consistent with suggestions concerning African elephants in situ [Moss, 1988, p. 151] , and with reports from various facilities that virtually all births occur at night, most often between midnight and 7 AM [Copenhagen: Eriksen, 1978 Ryan and Thompson, 2001] . However, the fact that there is not a clear understanding of something as basic as the birth weights and heights of elephants suggests that much more research will be required to discover even the basic aspects of "elephant life." ! Perhaps it is time to follow the advice of Hutchins and Thompson [2008] , and to develop a set of priorities for research programs involving elephants. These programs should involve multiple institutions, cooperating rather than competing. There are multiple unanalyzed data sets in file cabinets and on hard drives scattered around the world or, at least, the information has not been made available to the broader community of scientists, handlers and managers. If we are to make sound decisions about the future care of elephants, they need to be based on empirical data, not anecdotes or emotions.
!
